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ABSTRACT OF THE DISCLOSURE 
The present invention provides for compounds of the 

formula 

Rr- (CHIM 

X -— —-—R3 

0 R2 (1) 

having anti-in?ammatory activity, analegetic activity, anti 
pyretic activity and low toxicity, wherein R1 in the for 
mula is alkyl, R2 is hydroxyl, alkoxyl, or amino, R3 is hy 
drogen or alkyl, X is halogen and n is an integer of 2 or 3. 
The present application is also concerned with the process 
of producing the aforementioned compounds. Also pro 
vided herein are intermediates used in the production of 
the compounds of Formula I represented by the general 
formula 

(II 

wherein all of the symbols have the same meaning as 
above. 

The present invention relates to novel cyclic carboxylic 
acid derivatives having a strong anti-in?ammatory activity 
and low toxicity and also relates to a process for the pro 
duction of these derivatives and further relates to a novel 
intermediate for the cyclic carboxylic acid derivative. 

Hithertofore, there have been synthesized many kinds 
of so-called non-steroidal anti-in?ammatory agents, among 
which phenylbutazone (4~butyl-1,2-diphenyl-pyrazolidine 
3,5‘dione) has been known as one of the most strong anti 
in?ammatory agents. Considerable studies are being made 
to ?nd more effective and less toxic anti-in?ammatory 
agents. . 

The present invention is the culmination of the studies. 
Thus, the principal object of the present invention is to 

provide novel compounds useful for a non-steroidal anti 
in?ammatory agent of high anti-in?ammatory action. An 
other object is to provide a method for the production of 
these novel compounds. Still another object is to provide a 
novel intermediate for the compounds. 
The novel compounds of the present invention are those 

represented by the general formula 

RI‘“ (0112).. 

OR; (I) 

wherein R1 is alkyl, R2 is hydroxyl, alkoxy or amino, R3 
is hydrogen or alkyl, X is halogen, and n is an integer of 
2 or 3. 
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2 
The novel intermediates for the cyclic carboxylic acid 

derivatives (I) are those represented by the general for 
mula 

wherein all symbols have the same meaning as above. 
The compounds of the general Formula I have higher 

anti-in?ammatory activity than phenylbutazone and show 
rather low toxicity, and further these compounds have 
analgetic activity and antipyretic activity. 

Therefore, the cyclic carboxylic acid derivative (I) of 
the present invention can be used as an anti-in?ammatory 
agent safely and more advantageously than phenylbuta 
zone and moveover can be used as analgesic and antipy 
retic agent. 

Referring to the above general formulas, the alkyl rep 
resented by R, is preferably that having 1 to 6 carbon 
atoms and may be any of straight, branched or cyclic 
ones. The alkyl includes, for example, methyl, ethyl, pro 
pyl, isopropyl, butyl, isobutyl, sec-butyl, tert.-butyl, amyl, 
hexyl, cyclopropyl, cyclobutyl, cyclopentyl and cyclohex 
yl, among which cyclohexyl is most desirable. The alkoxy 
represented by R2 is lower alkoxyl having 1 to 4 carbon 
atoms, such as methoxy, ethoxy, propoxy and butoxy. 
The alkyl represented by R3 is lower ones having 1 

to 4 carbon atoms such as methyl, ethyl, propyl, butyl and 
isobutyl. ' 

The halogen represented by X includes ?uorine, chlo~ 
rine, bromine and iodine. 

Typical compounds of the general Formula I are de 
scribed below: 

6-chloro-S-cyclohexylindan-l-carboxylic acid 
6-bromo-5-cyclohexy1indan-l-carboxylic acid 
7-chloro-6-cyclohexyl Tetralin-l-carboxylic acid 
6—chloro-5-methylindan-l-carboxylic acid 
6-chloro-5-ethylindan-l-carboxylic acid 
6-ehloro-5-propylindan-lcarboxylic acid 
6-chloro-S-isopropylindan-l-carb0xylic acid 
6~chloro-S-n-butylindan-l-carboxylic acid 
6-chloro-S-isobutylindan-l-carboxylic acid 
6-chloro-5-cyclohexyl- l-methylindan- l-carboxylic 

acid 
6-chloro-5-cyclohexyl-l-ethylindan7l-carboxylic acid 
6-chloro-5-cyclohexyl-1~propylindan-l-carboxylic 

acid 
7-chloro-‘6-cyclohexyl-l-methyl Tetralin-l-carboxylic 

acid 
7-chloro-6-cyclohexyl-l-ethyl Tetralin-1~carboxylic 

acid, 
and their pharmaceutically acceptable salts (e.g. sodium, 
potassium, ammonium, aluminium salts, etc.), lower alkyl 
esters (e.g. methyl, ethyl, propyl, butyl esters, etc.) and 
carboxyamides. 
The cyclic carboxylic acid derivative (I) of the present 

invention is produced by the steps which comprises sub 
jecting a phenyl-substituted dicarboxylic acid derivative 
of the general formula 

COR: 

(where R1, R2, R3 and n have, respectively, the same 
meanings as above and R4 is hydrogen or a halogen rep 
resented by X) to intramolecular ring closure reaction, 



a3 

'/ is... 
. "\ ’ 

your. (1v) 
(wherein all the symbols have/"respectively, the same 
meanings as above) is given, and then subjecting the 
compound (IV) to reduction, whereby a compound of the 
general formula 

R. q 
GH2>n 

R4 01R; \ 

(gORz (V) 
(wherein all symbols have the same meaning as above) 
is given, and, in a case where the resulting compound (V) 
is that wherein R4 is hydrogen, this compound is sub 
jected to halogenation, whereby the object compound (I) 
is produced, and, optionally, in a case where the result 
ing compound (V) is that wherein R3 is hydrogen, this 
compound may be subjected to alkylation, whereby the 
compound (V) wherein R3 is alkyl is given. 

srkséylis. @219 derivative of the.. 
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.Lsulfuric acid, polyphosphoric acid, hydrofluoric acid, etc.) 
and Lewis acid (e.g. aluminium chloride, boron tri?uoride, 
etc.). 
When Lewis acid is used, the amount of the catalyst is 

not less than 2 moles and preferably up to about 3 moles 
per mole of the compound (III). 

> -Reaction temperature ranges generally from about 
—10° C. to about 50° C. and preferably from about 0° 
C. to about 10° C. v - 

The compound (IV) produced above is then subjected 
to reduction (Step (2)). 
The reduction is conducted according to a conventional 

reduction technique, by which a carbonyl group is re 
duced into a methylene group, such as Clemensen’s 
method employing for example amalgamated zinc and 
hydrochloric acid, and Woltf-Kishner’s method wherein a 
semicarbazone or a hydrazone of the compound (III) is 
treated with a base. 

In a case where the compound (V) wherein R4 is hy 
drogen is produced by the process as mentioned above, 
this compound is further subjected to halogenation (Step 
(3)), whereby the object compound (i.e. (I)—(1) or 
(1)-(2) in the above scheme) is produced. 
The halogenation is accomplished by allowing the com 

pound (V) (wherein R4 is H) to react with a halogenating 
agent such as halogen (e.g. chlorine, bromine, etc.) and 
a halogen compound (e.g. sulfuryl chloride, etc.) in the 
presence of an inert solvent (e.g. carbon tetrachloride, 
chloroform, ethylene dichloride, methylene chloride, car 

_ The present process mentioned above is summarized 30 bon disul?de, acetonitrile, acetic acid, etc.). 
in the following scheme: The halogenation is generally conducted by the use of, 

x i’ 
\ aim-‘v1 ring closure B1 /c\ reduction R1 

, R.- @ -f-<@H2>...1-<1<><>H > K] can. ——~——~——> 00R Step (1) x/ \c\/ step (2) x c\/ _ (I)—(1) 
2 | allql | alkyl I ‘I 

(III) (a =alky1 COR2 00x12 (v) 
(33:): (R4=X, (Iv)=(II) (R3=alkyl) R3=allryl) 

” O alkylation 

X E _ " step (4) 
‘ ring closure R1 /C\ reduction B1 A 

111- -C‘-(CH2~)' 1-600}! ‘ > (CH ) -——‘-—> (CH ) 
' n- _ v j 2 11-1 \ / 2 Y! 

00112 Step (1) c}: Step (2) _/ (In 

(III) (33:13 C0112 C0122 baggie 
_ __ __ na 1011 

4 (IV)’KII>(R3_H) (1)-(2) haloge- (R =alky1) 
" nation §tep('j) 

0 (v) (REX; (R5=H) 
a . " _ R =H Step (3) 
‘3 mpg closure Rl /c\ reduction R1 

it]; @ -C--(0H2) _l-CO0H > (g1; ) _ ———> (OH ) 
l n \ / 2 n l 2 n 
(‘7on2 Step (1) (RR Step (2) \c\R-/ 

(III) (R =H). COR; COR; 
(1v) <R4=m (v) (Rpm 

According to the ?rst step (Step ( 1)) in the present 
invention, the compound (III) is subjected to an intra 
molecular ringclosure reaction. ' ~ 

The compound (III) may be used as its reactive deriva 
tive derived-by the conversion of the free COOH group, 
for‘ instance, acid :anhydrides which can be prepared, for 
example by treating the compound '(III) with a dehydrat 
ing agent such as acetic anhydride, 'acetyl chloride or 
phosphorus oxychloride, or of its acid halides which can 
be prepared, for example, by treating the compound (III) 
with a halogenating agent such as thionylchloride, phos 
phorus trichlor'ide or phosphorus pentachloride. 
The intramolecular ring closure reaction is conducted 

preferably in the presence of a catalyst with or without 
the-use of 1a solvent '(e.>g.~smethylene chloride, ethylene 
chloride,uetc.). The catalyst employable in the reaction 
is mentioned by an acidic substance such as an acid (e.g. 

60 

70 

75 

as a catalyst, a metallic or non-metallic halogen compound 
capable of accelerating an ionization of halogen atom. 
These compounds are exempli?ed by aluminum chloride, 
ferric chloride, zinc chloride, antimony trichloride, anti~ 
mony pentachloride, stannous chloride and other metal 
lic halogen compounds and boron tri?uoride and other 
nonmetallic halogen compounds. 
An amount of the halogenating agent to be used gen 

erally falls within the range from about 1 to about 3 
moles and preferably ‘within the range from about 1 to 
about 2 moles per mole of the compound (V). 
An amount of the catalyst to be used generally falls 

within the range from about 0.5 to about 3 and preferably 
within the range from about 1 to about 2 chemical equiva 
lents to the compound (V). 
The halogenation temperature is generally about —70° 

C. to about 50° C. 
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In a case where the compound (V) wherein R3 is hy 
drogen (i.e.: compound (I)—(2) in the above scheme) is 
produced by the process mentioned above, this compound 
may optionally be subjected to alkylation (Step (4)), 
whereby the compound (V) wherein R3 is alkyl (i.e. com 
pound (I)-(1) in the above scheme) is produced. 
The alkylati'on is conducted by allowing the compound 

(V) wherein R3 is hydrogen to react with an alkylating 
agent preferably in the presence of a base and an inert 
solvent. 
The alkylating agent employable includes an al-kyl 

halogenide (e.g. methyl iodide, methyl bromide, methyl 
chloride, ethyl iodide, ethyl bromide, ethyl chloride, 
propyl iodide, propyl bromide, propyl chloride, butyl 
iodide, butyl bromide, butyl chloride, iso-butyl iodide, 
iso-butyl bromide, iso-butyl chloride, etc.), a dialkyl sul 
fate (e.g. dimethyl sulfate, diethyl sulfate, etc.), and an 
ester of an alcohol with a sulfonic acid (e.g. methyl p 
toluenesulfonate, ethyl p-toluenesulfonate, etc.). 
The base employable in the alkylation includes an alka 

line metal (e.g. sodium, potassium, lithium, etc.), an alco 
holate (e.g. sodium methoxide, sodium ethoxide, etc.), 
an alkaline metal hydride (e.g. sodium hydride, lithium 
hydride, etc.), or alkaline metal amide (e.g. sodium amide, 
potassium amide, lithium amide, etc.). 
The solvent employable included benzene, toluene, di 

methyl sulfoxide, dimethyl formamide, hexamethyl phos 
phoramide, etc. 

Temperature for the alkylation generally falls within 
the range of about —10° C. to about 150° C. 
By the process mentioned above, the compound (I) of 

the present invention is produced, which is easily obtained 
from the reaction mixture after a conventional manner 
(e.g. evaporation of the solvent, recrystallization, distilla 
tion, etc.). 
The starting compound (III) (wherein R3 is H) in the 

present invention is produced for example by allowing a 
compound of the general formula 

to react with an ester of carbonic acid of a formula 
CO(OR5)2 (wherein R5 is alkyl) or an ester of halogeno 
carbonic acid of the formula (R5O)COX" (wherein R5 
is alkyl and X" is halogen), whereby a compound of the 
general formula 

(wherein R5 is alkyl) is produced, then allowing the com 
pound thus produced to react with a compound of the 
general formula 

(wherein R6 is an alkoxycarbonyl or nitrile, X’ is halo 
gen), or with a compound of the formula CH2=CHR6 
(in a case of 11:3), whereby a compound of the general 
formula 

R4 
I $0 0 R5 

UN 

is given, and ?nally subjecting the compound to hydrolysis 
and decarbonization to give a compound of the general 
formula 

R4 
1 

C O OH (Ill) 
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6 
This compound may be led to its reactive derivatives 

of —COOH group by a conventional manner. 
The starting compound (III) (wherein R3 is alkyl) may 

be prepared, for example, by allowing a compound of the 
formula 

R4 
| R: 

l MQ-CHCN 
(wherein the symbols have the same meaning as above) 
to react with a compound of the formula 

X'--—(CH2)n__1—-'R6 or (wherein the symbols have the same meaning as above) 

to give a compound of the formula 

R4 
| R: 

1 

ON 

and then subjecting the compound to hydrolysis to give 
the object compound of the formula 

Ra 

KQiamWCOOH OOH 

This compound may be led to its reactive derivatives 
of —COOH group by a conventional manner. 
The compound (III) wherein n is 2 can also be pre 

pared by the following steps: 
R4 

NCCHzCOOR' \R'OOC-C'Hr-COOR' 
R4 R4 

Rs /CN Ra /COOR' 
R1‘- -(E'=C\ R1 (B=C\ 

' COO-R’ COOR, 

lHCN or its salts lHGN or its salts 
R4 R4 

R3 /CN R3 /COOR' 
R1— —é-CH Rr- —JJ-CE 

(IJN \COOR' éN COOR' 

hydrolysls\I {/hydrolysls 
R4 

R3 
R1— —(‘J-CHg-COOH 

OOH 

The ?rst starting compound in the above scheme where 
in R4 is halogen can be prepared for example by halo 
genation of a compound of the general formula 

mQ-o 0 R3 
The object compound of the present invention is gen 

erally obtained as a racemic mixture, and, if desired, the 
mixture may be subjected to a conventional optical res 
olution to obtain each optical isomer. 
In the method of the present invention, free carboxylic 

group may be converted into its reactive derivatives (e.g. 
acid esters, acid halides, acid amides, acid anhydrides, 
etc.) or a reactive derivative of a carboxylic group may 
be converted to any other reactive derivative thereof, by 
a conventional manner at a suitable stage of the processes, 
for example, from the ester to the corresponding car 
boxyamide by treatment with ammonia. 
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The compound (I) of the present invention is useful 
for example anti-in?ammatory, analgesic, antipyretic or 
antiruhmatic agent without causing undesirable side ef 
fects, and is administered for the purpose in per se or in 
admixture with a conventional carrier or adjuvant in a 
suitable medicinal form such as a tablet, granule, powder, 
capsule or an injection solution. Dose of the compound 
(I) varies depending on severity of disease, kinds of the 
compound (I), etc. and generally falls within the range 
from about 10 to about 2000 milligrams on oral admin 
istration and from about 10 to about 1000 milligrams 
on injection per day for an adult. 
For further detailed explanation of the present inven 

tion the following examples and references are given, 
wherein the term “part(s)” means “weight part(s)” un 
less otherwise speci?ed and the relation between “part” 
and “part by volume” corresponds to that gram and milli 
liter. 

REFERENCE.-—PREPARATION OF THE 

STARTING MATERIALS 

(1) An alcoholate solution prepared from 13 parts by 
volume of ethanol and 0.517 part of metallic sodium is 
subjected to evaporation under reduced pressure so that 
most of the ethanol is removed. To the residue is added 
dropwise a mixture of 10 parts by volume of toluene, 13 
parts by volume of diethylcarbonate and 4.3 parts of 
p-cyclohexylphenylacetonitrile. The mixture is subjected 
to evaporation to remove the ethanol while adding tolu 
ene to the mixture as the ethanol is evaporated off. After 
cooling, 3.58 parts of ethyl bromoacetate is added to 
the mixture and re?uxed for 1 hour. After cooling, the 
resultant is poured into ice-water, followed by extraction 
with ethyl acetate. The ethyl acetate layer is Washed with 
water, dried and subjected to distillation under reduced 
pressure, whereby 6.0 parts of a- (p-cyclohexyl phenyl)-a 
cyanosuccinic acid diethylester is given. The ester is dis 
solved in 50 parts by volume of ethylene glycol and re 
?uxed under nitrogen atmosphere in the presence of 8 
parts of potassium hydroxide for 2 hours. After cooling, 
the resultant is poured into ice-water and washed with 
ether. The aqueous layer is taken and acidi?ed with the 
addition of hydrochloric acid, followed by extraction with 
ethyl acetate. The ethyl acetate layer is washed with wa 
ter, dried and concentrated. Recrystallization of the resi 
due from benzene yields p-chlorohexylphenylsuccinic acid 
melting at 182-185 ° C. 

Elementary analysis-Calculated (percent): C, 69.56; 
H, 7.30. Found (percent): C, 69.45; H, 7.30. 

(2) To an alcoholate prepared from 13 parts by vol 
ume of ethanol and 0.517 part of metallic sodium, is added 
dropwise a mixture of 10 parts by volume of toluene, 5 
parts of p-cyclohexyl-m-chlorophenylacetonitrile and 13 
parts by volume of diethyl carbonate. The mixture is 
treated in a similar manner to that in (1) above. After 
cooling, 3.58 parts of ethyl bromoacetate is added drop~ 
wise to the resultant and re?uxed for 1 hour.After cool 
ing, the resultant is poured into ice-water, followed by 
extraction with ethyl acetate. The ethyl acetate layer is 
treated in a similar manner to that (1) above, whereby 
7.7 parts of a-(p - cyclohexyl-m-chlorophenyl)-a-cyano 
succinic acid diethylester is given. The ester is treated in 
a similar manner to that in ( 1) above in the presence 
of 50 parts by volume of ethylene glycol and 8 parts of 
potassium hydroxide, whereby p-cyclohexyl-m-chloro 
phenylsuccinic acid is given as crystals melting at 175 
177° C. 
Elementaly analysis.—Calculated (percent): ‘C, 61.84; 

H, 6.16. Found (percent): C, 62.13; H, 6.15. 
(3) A mixture of 30 parts of p-cyclohexylacetophenone, 

19 parts of ethyl cyanoacetate, 2.7 parts of B-alanine, 7.5 
parts by volume of acetic acid and 50 parts by volume of 
benzene is re?uxed at 90 to 100° C. for 10 hours. After 
cooling, 100 parts by volume of benzene is added to the 
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8 
resultant and washed with water. The benzene layer is 
dried and subjected to evaporation under reduced pressure 
to remove the solvent. The residue is subjected to vacuum 
distillation, whereby ethyl 2-cyano-3-(p-cyclohexylphen 
yl)-2-butenoate is given as an oily product boiling at 180 
to 185° C./3 mm. Hg. 
Elementary analysis, C19H23NO2.—Calculated (per 

cent): C, 76.73; H, 7.80; N, 4.71. Found (percent): C, 
76.96; H, 7.89; N, 4.85. 
To a solution of 25 parts of ethyl 2-cyano-3-(p-cyclo 

hexylphenyl)-2-butenoate in 50% ethanol is added 7.7 
parts of potassium cyanide and the mixture is heated on a 
Water bath for 30 minutes. After cooling, the mixture is 
acidi?ed with hydrochloric acid, whereby an oily sub 
stance is separated. The oily substance is dissolved in 200 
parts by volume of 50% ethanol, and heated with 30 parts 
of potassium hydroxide. The mixture is heated under re 
?ux for 16 hours. After cooling, the resultant is subjected 
to evaporation to remove the ethanol under reduced pres~ 
sure. To the residue is added water and the mixture is 
acidi?ed with hydrochloric acid under cooling. The sep 
arated substance is extracted with ethyl ether. The other 
layer is washed with water, dried and subjected to evap 
oration to remove the ether. The residue is recrystallized 
from ethanol, whereby 2-methyl-2-(p-cyclohexylphenyl) 
succinic acid is yielded as colorless crystals melting at 164 
to 165° C. 

Elementary analysis. C17H22O4.——Calculated (percent): 
C, 70.32; H, 7.64. Found (percent): C, 70.23; H, 7.67. 

In a similar manner to the above reference (1), (2) or 
(3), the following compounds can be prepared: 

m-Chloro-p-isobutylphenylsuccinic acid melting at 99 to 
101 C., 

p-Isopropylphenylsuccinic acid melting at 178 to 180° 
C., and 

p-Isobutylphenylsuccinic acid melting at 151.5 to 154° C. 

(4) To an alcoholate prepared from 257 parts by vol 
ume of ethanol and 10.3 parts of metallic sodium, is added 
drop-wise a mixture of 69 parts by volume of toluene, 84.5 
parts of p-cyclohexylphenylacetonitrile and 250 parts of 
diethyl carbonate. The mixture is heated with stirring to 
evaporate the ethanol produced through the prosecution 
of the reaction, while adding toluene to the mixture in 
proportion to the evaporated ethanol, until the evapora 
tion of the ethanol stops. After cooling, the resultant is 
acidi?ed with diluted acetic acid, followed by extraction 
of the aqueous layer with ethyl ether. The ether layer is 
washed with water, dried and subjected to a distillation 
under reduced pressure, whereby 97.8 parts of ethyl or 
cyano-m-(p-cyclohexyphenyl)acetate is yielded. 
Thus yielded ester is dissolved in 98 parts by volume 

of tert-butanol and the solution is stirred at 40° C.-45° 
C. while being added alternately 3.5 parts by volume of a 
saturated methanol solution of potassium hydroxide and a 
tert-butanol solution of 40.4 parts of acrylonitrile. After 
addition is over, the mixture is stirred for 1.5 hours, 
cooled and acidi?ed with the addition of diluted hydro 
chloric acid. Extraction of the aqueous layer with ethyl 
ether yields 92.3 parts of a-carboethoxy—a-(p-cyclohexyl~ 
phenyl)glutaronitrile. Thus yielded ester is dissolved in 
100 parts by volume of ethanol and the solution is re 
?uxed in the presence of 100 parts by volume of water 
and 100 parts of potassium hydroxide for 10 hours. After 
cooling, Water is added to the resultant and washed with 
ethyl ether. The aqueous layer is acidi?ed with hydro 
chloric acid and extracted with ethyl ether. The ether 
layer is washed with water, dried and concentrated. Crys 
tallization of the residue from ethylene chloride yields 2 
(p-cyclohexylphenyl)glutaric acid as crystals melting at 
95-97.5° C. (contains the solvent of crystallization). 

Elementary analysis.—Calculated (percent): C, 70.32; 
H, 7.64. Found (percent): C, 71.51; H, 8.30. 
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EXAMPLE 1 

'Cyclization step 

A mixture of 12.5 parts of p-cyclohexylphenylsuccinic 
acid and 60 parts by volume of acetic anhydride is re 
fluxed for one hour, followed by evaporating off the 
solvent under reduced pressure. The residue is washed 
with n-hexane to yield 10.1 parts of crude crystals of p— 
cyclohexylphenylsuccinic anhydride. Recrystallization 
from n-hexane yields crystals melting at 114 to 117° C. 

Elementary ana1ysis.—Calculated (percent): C, 74.41; 
H, 7.02. Found (percent): C, 73.25; H, 7.03. 

Nine parts of aluminium chloride is added to 75 parts 
by volume of methylenechloride with stirring under ice 
cooling. To the mixture is added dropwise 7.8 parts of 
the crude crystals of p-cyclohexylphenylsuccinic anhydride 
prepared above in 45 parts by volume of methylene 
chloride. The whole mixture is stirred under ice-cooling 
for one hour and then at room temperature for further 
several hours. The resultant is poured into ice water, fol 
lowed by addition of hydrochloric acid. The methylene 
chloride layer is taken, Washed with water, dried over 
magnesium sulfate, decolorized with charcoal and sub 
jected to evaporation of the methylenechloride under re 
duced pressure. The residue is washed with n-hexane and 
crystallized from 90 parts by volume of ligroin, whereby 
3-oxo-S-cyclohexylindan-l—carboxylic acid is given as 
colorless crystals melting at 111 to 115° C. 

Elementary analysis.—Calculated (percent): C, 74.41; 
H, 7.02. Found (percent): C, 74.32; H, 6.90. 

Reduction step 

To zinc amalgam prepared from 10 parts of zinc 
powder and 1 part of mercuric chloride are added 7.5 
parts by volume of water, 10 parts by volume of con 
centrated hydrochloric acid, 10 parts by volume of toluene 
and 1 part of 3-oxo-5-cyclohexylindan-l-carboxylic acid 
prepared above. 
The whole mixture is heated under re?ux with vigorous 

stirring, while adding four times at about 3 hours interval 
each 5 parts by volume of concentrated hydrochloric acid 
and 1 part of 3-oxo-5-cyclohexylindan-l-carboxylic acid. 
The stirring continues for 30 hours in total. The resultant 
is poured into water, followed by extraction with ethyl 
ether. The ether layer is dried over anhydrous sodium 
sulfate, decolorized with charcoal and subjected to evapo 
ration under reduced pressure to remove the solvent, 
whereby S-cyclohexylindan-l-carboxylic acid is given as 
colorless crystals melting at 140 to 144° C. Yield 2.6 
parts. 

Elementary analysis.—Calculated (percent): C, 78.67; 
H, 8.25. Found (percent): C, 78.50; H, 8.38. 

Halogenation step 

(1) To a mixture of 1.2 parts of S-cyclohexylindan-l 
carboxylic acid, 0.8 part of ferric chloride and 40 parts 
by volume of carbon tetrachloride is added dropwise with 
stirring under ice-cooling a solution of 0.4 part of chlorine 
in carbon tetrachloride. One hour after the addition, ice 
water and hydrochloric acid are added to the resultant, 
followed by extraction with chloroform. The chloroform 
layer is dried over magnesium sulfate and subjected to 
evaporation under reduced pressure to remove the solvent. 
The residue is treated —with petroleum ether to yield 0.74 
part of crude crystal-s of 6—chloro-S-cyclohexylindan-l 
carboxylic acid. Recrystallization from n-hexane yields 
crystals melting at 147 to 150° C. 
Elementary analysis-Calculated (percent): C, 68.94; 

H, 6.87; Cl, 12.72. Found (percent): C, 68.85; H, 7.04; 
Cl, 12.66. 

(2) To a mixture of 2.4 parts of 5-cyclohexylindan-1 
carboxylic acid, 1.5 parts of aluminium chloride and 100 
parts by volume of dichloromethane is dropwise added 
with stirring a dichloromethane solution of 0.78 part of 
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chlorine under cooling to —65 to --50° C. with Dry Ice 
acetone. 
The stirring continues at the same temperature for 

further 5 hours. A solution of 0.16 part of chlorine in 
dichloromethane is added to the resultant, and the whole 
mixture is stirred for 2 hours, followed by keeping stand 
ing overnight under the same cooling condition as above. 
Ice water and hydrochloric acid are added to the resultant, 
followed by extraction with chloroform. The chloroform 
layer is dried over magnesium sulfate and subjected to 
evaporation under reduced pressure to remove the solvent. 
The residue is treated with petroleum ether to yield 0.8 
part of crude crystals of 6-chloro-5-cyclohexylindan-l-car 
boxylic acid, which is found to be identical with the prod 
uct obtained in (1) in its melting point and IR-absorption 
spectrum. 

(3) A mixture of 0.6 part of 5-cyclohexylindan~1-car 
boxylic acid and 8 parts by volume of sulfurylchloride is 
heated at 80° C. for 2 hours. After cooling, the resultant 
is poured into ice-Water, stirred well and extracted with 
ethyl ether. The ether layer is washed with an aqueous 
sodium chloride solution, dried and subjected to evapora 
tion under reduced pressure to remove the solvent. 
Petroleum other is added to the residue and the mixture is 
allowed to stand, whereby 6—chloro-5-cyclohexylindan-1 
carboxylic acid is given as colorless crystals, which is 
found to be identical with the product obtained in (1) in 
its melting point and IR-absorption spectrum. 

(4) To a mixture of 1.2 parts of 5-cyclohexylindan-1 
carboxylic acid, ‘0.8 part of ferric chloride and 40 parts 
by volume of carbon tetrachloride is added dropwise 0.8 
part of bromine with stirring under ice-cooling. Two 
hours after the addition, ice-water and hydrochloric acid 
are added to the mixture, followed by extraction with 
chloroform. The chloroform layer is dried over mag 
nesium sulfate and subjected to evaporation under re 
duced pressure to remove the solvent. The residue is 
treated with petroleum ether to yield 0.9 part of crude 
crystals of 6-bromo-S-cyclohexylindan-l-carboxylic acid. 
Recrystallization from n-hexane gives crystals melting at 
160 to 164° C. 
Elementary analysis.—Calculated (percent): C, 59.47; 

H, 5.93; Br, 24.73. Found (percent): C, 59.55; H, 5.85; 
Br, 24.52. 

(5) To a mixture of 0.6 part of 5-cyclohexylindan-1 
carboxylic acid, 0.4 part of ferric chloride and 40 parts 
by volume of acetonitrile is added dropwise with stirring 
an acetonitrile solution of 0.2 part of chlorine. The mix 
ture is stirred at the same temperature for 1 hour. After 
the reaction is complete, water is added to the resultant. 
The aqueous mixture is shaken well, then the aceto 
nitrile and water are evaporated off under reduced pres 
sure. To the residue are added diluted hydrochloric acid 
and chloroform and the mixture is shaken well. The lower 
layer is dried over magnesium sulfate, then the solvent is 
evaporated off. The residue is shaken well with petroleum 
ether, whereby 5-cyclohexyl - 6 ~ chloroindan-l-carboxylic 
acid is given. The product thus yielded is in well agree 
ment with the product as obtained in the above examples 
in the melting point and infrared spectrum. 

(6) A solution of 0.2 part of chlorine in chloroform 
is added dropwise with stirring to a mixture of 0.6 part 
of S-cyclohexylindan-l-carboxylic acid, 0.4 part of ferric 
chloride and 20 parts by volume of chloroform which is 
cooled at a temperature between — 10 and -5° C. The 
mixture is stirred at the same temperature for 1 hour, 
followed by the addition of diluted hydrochloric acid. 
After the mixture is shaken well, the separated chloro 
form layer is dried over sodium sulfate and subjected to 
evaporation to remove the solvent. The residue is washed 
with petroleum ether, whereby 5-cyclohexyl-6-chloro 
indan-l-carboxylic acid is given as colorless crystals. The 
product thus given is in well agreement with the product 
obtained in the above examples in the melting point and 
the infrared absorption spectrum. 
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(7) A solution of 0.2 part of chlorine in carbon disul 

?de is added dropwise with stirring to a mixture of 0.6 
part of 5-cyclohexylindan-l-carboxylic acid, 0.4 part of 
ferric chloride and 20 parts by volume of carbon disul 
?de, which is cooled at a temperature between —10 and 
-—5° C. The mixture is stirred at the same temperature 
for 1 hour, followed by the addition of diluted hydro 
chloric acid. The mixture is shaken well and the sepa 
rated carbon disul?de layer is dried over sodium sulfate 
and subjected to evaporation to remove the solvent. The 
residue is washed with petroleum ether, whereby S-cyclo 
hexyl-6-chloroinclan- l-carboxylic acid is given as colorless 
crystals. The crystals are in well agreement with the prod 
uct obtained in the above examples in the melting point 
and the infrared absorption spectrum. 

(8) An acetic acid solution of 0.1 part of chlorine is 
added to a mixture of 0.3 part of 5-cyclohexylindan-l~ 
carboxylic acid and 20 parts by volume of acetic acid at 
a temperature from 20 to 22° C. The mixture is stirred 
at the same temperature for 2 hours and subjected to 
evaporation under reduced pressure to remove the sol 
vent. The residue is Washed with petroleum ether, where 
by S-cyclohexyl - 6 - chloroindan - 1 - carboxylic acid is 
afforded as colorless crystals. The product is in Well agree 
ment with the product obtained in the above examples in 
the melting point and the infrared absorption spectrum. 

(9) An acetonitrile solution containing 0.8 part of chlo 
rine is added with stirring under ice-cooling to a mixture 
of 2.44 parts of 5-cyclohexylindan-l-carboxylic acid and 
160 parts by volume of acetonitrile. The mixture is stirred 
at the same temperature for 1 hour, followed by the addi 
tion of an acetonitrile solution of 0.4 part of chlorine. The 
mixture is stirred at the same temperature for 1 hour 
and at a temperature from 19 to 24° C. for 4 hours, and 
subjected to evaporation under reduced pressure to- re 
move the excess of the chlorine and the solvent. Recrystal~ 
lization of the residue from n-hexane yields 5-cycl0hexyl 
6-chloroindan-l-carboxylic acid as colorless crystals. 
The product is in well agreement with that obtained in 

the above examples in the melting point and the infrared 
absorption spectrum. 

(10) To 2.4 parts of 5-cyclohexylindan-l-carboxylic 
acid is added under cooling an excess amount of diazo 
methane in ethyl ether, followed by keeping standing for 
30 minutes. The resultant is subjected to evaporation 
under reduced pressure to remove diazomethane and ethyl 
ether, whereby methyl 5-cyclohexylindan-l-carboxylate is 
given as an oil boiling at 177 to 179° C./25 mm. The oil 
is left standing to give crystals melting at 42 to 45° C. 
Elementary analysis.~—Calculated (percent): C, 79.03; 

H, 8.58. Found (percent): C, 79.00; H, 8.86. 
To a mixture of 0.8 part of methyl 5-cyclohexylindan 

l-carboxylate obtained above, 0.5 part of ferric chloride 
and 30 parts by volume of dichloromethane is added 
dropwise with stirring at a temperature between —10 and 
0° C. a“ solution of 0.24 part of chlorine in dichloro 
methane. The mixture is stirred at the same temperature, 
followed by the addition of ice-water and hydrochloric 
acid. After the mixture is shaken well, the lower layer is 
subjected to evaporation of the solvent. To the residue 
are added 30 parts by volume of ethanol and 10 parts by 
volume of a 33% aqueous solution of sodium hydroxide. 
The mixture is heated under re?ux for 5 hours. The re 
sultant, being once cooled, is subjected to evaporation to 
remove the solvent. The residue is supplied with water 
and acidi?ed with hydrochloric acid. The separated sub 
stance is extracted with ethyl acetate. The ethyl acetate 
solution is dried over magnesium sulfate and subjected to 
evaporation to remove the solvent. The residue is washed 
Well with petroleum ether, whereby S-cyclohexyl-G-chlorol 
indan-l-carboxylic acid is afforded. The product is in 
well agreement with the product obtained in the above 
examples in its melting point and infrared absorption 
spectrum. 
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EXAMPLE 2 

Cyclization step 
In a similar manner to that in Example 1, 2-(p-cyclo 

hexylphenyl)glutaric acid is treated with acetic anhydride, 
whereby Z-(p-cyclohexylphenyl) glutaric anhydride is given 
in a yield of 92%. Recrystallization from a mixture of 
benzene and hexane (1:2 by volume) yields crystals melt 
ing at 103 to 104° C. 

Elementary analysis-Calculated (percent): C, 74.97; 
H, 7.40. Found (percent): C, 75.02; H, 7.43. . 
To polyphosphoric acid prepared from 80 parts of phos 

phorous pentoxide and 88 parts of phosphoric acid is 
added 19.8 parts of crude crystals of 2-(p-cyclohexyl 
phenyl)glutaric anhydride as prepared above, followed by 
heating at 120 to 130° C. for 15 minutes. After cooling, 
ice-water is added to the resultant, whereby crystals are 
given. The crystals are washed with water and dried to 
give 4-oxo-6-cyclohexyl Tetralin-l-carboxylic acid in 
quantitative yield. Recrystallization from a mixture of 
ethyl ether and petroleum ether gives colorless crystals 
melting at 108.5 to 110° C. 

Elementary analysis.-——Calculated (percent): C, 74.97; 
H, 7.40. Found (percent): ‘C, 74.84; H, 7.36. 

Reduction step 

To zinc amalgam prepared from 64.6 parts of zinc pow~ 
der and 6.46 parts of mercuric chloride are added 65 
parts by volume of Water, 97 parts by volume of concen 
trated hydrochloric acid, 160 parts by volume of toluene, 
6.5 parts by volume of acetic acid and 19.4 parts of 4-oxo 
6-cyclohexyltetralin-l-carboxylic acid. The mixture is heat 
ed under re?ux with vigorous stirring for 1 hour. After 
cooling, the resultant is extracted with ethyl ether. The 
ether layer is washed with water, dried over sodium sulfate 
and subjected to evaporation under reduced pressure to 
remove the solvent, whereby 11.5 parts of crude crystals 
of 6-cyclohexyl Tetralin-l-carboxylic acid are given. Re 
crystallization from 70% aqueous ethanol yields crystals 
melting at 131 to 132° C. 

Elementary analysis.—Calculated (percent): C, 79.03; 
H, 8.58. Found (percent): C, 79.17; H, 8.64. 

Halogenation step 
To a solution of 5.0 parts of 6-cyclohexyl Tetralin-l 

carboxylic acid in 150 parts of carbon tetrachloride is 
added 3.14 parts of ferric chloride. To the mixture is 
added dropwise with stirring 56.2 parts of carbon tetra 
chloride solution containing 2.69 weight per weight per 
cent of chlorine. The whole mixture is stirred for 2.5 
hours, followed by the addition of ice-water and hydro 
chloric acid to decompose the ferric chloride. The carbon 
tetrachloride layer is taken, washed with water, dried and 
subjected to evaporation under reduced pressure to remove 
the solvent. The resulting oily residue is treated with n 
hexane to remove insolubles, whereby 7-chloro-6-cyclo 
hexyl Tetralin-l-carboxylic acid is given as an oily sub 
stance. 

Elementary analysis.—Calculated (percent): C, 69.73; 
H, 7.23; Cl, 12.11. Found (percent): C, 69.42; H, 7.32; 
Cl, 12.13. 
The oil obtained as above is dissolved in ethyl ether 

and treated with diazomethane, whereby methyl 7-chloro 
6-cyclohexyl Tetralin-l-carboxylate is given as an oily 
substance. The oil shows a signi?cant infrared absorption 
maximum at 1735 cm.-1 and nuclear magnetic resonance 
signals in deuterochloroform at 3.69 (due to methylpro 
ton), 6.95 (due to aromatic proton), and 7.13 (due to am 
matic proton) parts per million. 

EXAMPLE 3 

Cyclization step 
A mixture of 5.0 parts of p~isopropylphenylsuccinic 

acid and 25 parts by volume of acetic anhydride is heated 
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under re?ux for 1.5 hours. Excess of the acetic anhydride 
and acetic acid produced are evaporated under reduced 
pressure. Washing of the residue with petroleum ether 
yields 4.46 parts of crude crystals of p-isopropylphenyl~ 
succinic anhydride. Recrystallization from petroleum 
benzin yields crystals melting at 83.5 to 85° C. 

Elementary analysis.—Calculated (percent): C, 71.54; 
H, 6.47. Found (percent): C, 71.38; H, 6.41. 
To 22 parts by volume of methylenechloride is added 

2.93 parts of aluminum chloride, followed by stirring 
under ice-cooling. To the mixture is added a solution of 
2.18 parts of p-isopropylphenylsuccinic anhydride in 22 
parts by volume of methylenechloride, followed by stirring 
under ice-cooling for 1.5 hours and subsequently at room 
temperature for 2 hours. The resultant is poured into ice 
water, followed by addition of hydrochloric acid. The 
methylenechloride layer is taken, washed with water, dried 
over anhydrous sodium sulfate and subjected to evapora 
tion under reduced pressure to remove the solvent. The 
residue is washed with n-hexane to yield 1.80 parts of 
crude crystals of 3-oxo-5-isopropylindan-l-carboxylic acid. 
Recrystallization from a mixture of ethyl ether and petro 
leum ether yields crystals melting at 102 to 104.5 ° C. 

Elementary analysis.—Calculated (percent): C, 71.54; 
H, 6.47. Found (percent): ‘C, 71.56; H, 6.52. 

Reduction step 
To zinc amalgam prepared from 3.33 parts of zinc 

powder an 0.33 part of mercuric chloride, are added 
3.3 parts by volume of water, 5 parts by volume of 
concentrated hydrochloric acid, 8.3 parts by volume of 
acetic acid and 1.0 part of 3-oxo-5-isopropylindan-l-car 
boxylic acid, and the whole mixture is heated under re 
?ux for 1.5 hours. After cooling, the resultant is ex 
tracted with ethyl acetate. The ethyl acetate layer is 
washed wth water, dried over sodium sulfate, and subject 
to evaporation under reduced pressure to remove the 
solvent, whereby 0.90 part of S-isopropylindan - 1 - car 
boxylic acid is given. Recrystallization from n-hexane 
yields crystals melting at 82 to 84° C. 
Elementary analysis-‘Calculated (percent): C, 76.44; 

H, 7.90. Found (percent): C, 76.50; H, 8.03. 

Halo genation step 
To a solution of 7.00 parts of 5-isopropylindan-1-car 

boxylic acid in 10 parts by volume of carbon tetrachlo 
ride is added 5.56 parts of ferric chloride. To the mixture 
is further added with stirring and under ice-cooling a 
solution of 2.92 parts as chlorine in carbon tetrachloride. 
After the addition, the stirring is further continued for 
2 hours, followed by the addition of ice-water and hydro 
chloric acid to decompose ferric chloride. The carbon 
tetrachloride layer is taken, washed with water, dried, 
treated with charcoal and subjected to'evaporation to 
remove the solvent. To the residue is added 50 parts by 
volume of petroleum ether and the mixture is allowed 
to stand, whereby 3.79 parts of 6 - chloro - 5 - isopro 
pylindan - 1 - carboxylic acid is given. Recrystallization 
from n-hexane yields crystals melting at 124 to 125 .5“ C. 

Elementary analysis.—Calculated (percent): C, 65.41; 
H, 6.33; Cl, 14.85. Found (percent): C, 65.46; H, 6.19; 
Cl, 15.22. 

EXAMPLE 4 

Cyclization step 

A mixture of 5.0 parts of p-isobutylphenylsuccinic acid 
and 25 parts by volume of acetic anhydride is heated 
under reflux for 1.5 hours. The excess of acetic anhydride 
and by-produced acetic acid are removed from the re 
sultant by evaporation under reduced pressure. Washing 
the residue with n-hexane yields 4.09 parts of crude 
crystals of p-isobutylphenylsuccinic anhydride. Recrystal 
lization from a mixture of petroleum benzin and n-hexane 
yields crystals melting at 44.5 to 45.5 ° C. 
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Elementary analysis.—Calculated (percent): C, 72.39; 

H, 6.94. Found (percent): C, 72.40; H, 7.02. 
To 22 parts by volume of methylenechloride is added 

2.93 parts of aluminium chloride and the mixture is 
stirred under ice-cooling. To the mixture is added drop 
wise a solution of 2.32 parts of the crude crystals of p 
isobutylphenylsuccinic anhydride as obtained above in 22 
parts by volume of methylenechloride, followed by stir 
ring under ice-cooling for 1.5 hours and subsequently at 
room temperature for 2 hours. The resultant is poured 
into ice-water, followed by the addition of hydrochloric 
acid. The methylenechloride layer is taken, washed with 
water, dried over sodium sulfate and subjected to evapora 
tion under reduced pressure to remove the solvent. Wash 
ing the residue with n-hexane yields 1.94 parts of crude 
crystals of 3-oxo-5-isobutylindan-l-carboxylic acid. Re 
crystallization from a mixture of petroleum benzin and 
benzene yields crystals melting at 80.5 to 82° C. 

Elementary analysis.—Calculated (percent): C, 72.39; 
H, 6.94. Found (percent): C, 72.28; H, 7.02. 

Reduction step 

To zinc amalgam prepared from 3.33 parts of zinc 
powder and 0.33 part of ferric chloride are added 3.3 
parts by volume of water, 5 parts by volume of con 
centrated hydrochloric acid, 8 parts by volume of toluene, 
0.3 part by volume of acetic acid and 1.0 part of 3-oxo 
5-isobutylindan - 1 - carboxylic acid and the mixture is 
heated under re?ux with vigorous stirring for 1 hour. 
After cooling, the mixture is extracted with ethyl acetate. 
The ethyl acetate layer is washed with water, dried over 
anhydrous sodium sulfate and subjected to evaporation 
under reduced pressure to remove the solvent, whereby 
0.51 part of crude crystals of 5-isobutylindan - 1 - car 
boxylic acid are given. Recrystallization from n-hexane 
yields crystals melting at 73 to 74° C. 
Elementary analysis.—Calculated (percent): C, 77.03; 

H, 8.31. Found (percent): C, 77.00; H, 8.38. 

Halogenation step 

To a mixture of 1.61 parts of S-isobutylindan-l-car 
boxylic acid, 1.20 parts of ferric chloride and 60 parts 
by volume of carbon tetrachloride is added dropwise with 
stirring under ice-cooling a solution of 0.60 part of chlo 
rine in carbon tetrachloride. One hour after the addition, 
ice-water and hydrochloric acid are added to the mixture, 
followed by extraction with chloroform. The chloroform 
layer is washed with water, dried over sodium sulfate 
and subjected to evaporation under reduced pressure to 
remove the solvent. Treating the residue with petroleum 
benzin yields 0.76 part of crude crystals of 6-chloro-5 
isobutylindan-l-carboxylic acid. vRecrystallization from 
petroleum benzin yields crystals melting at 116 to 117° C. 

Elementary analysis.—Calculated (percent): C, 66.52; 
H, 6.78; CI, 14.03. Found (percent): C, 66.46; H, 6.79; 
Cl, 14.19. 

EXAMPLE 5 

Cyclization step 

A mixture of 44.0 parts of m-chloro-p-isobutylphenyl 
succinic acid and 220 parts by volume of acetic anhydride 
is heated under re?ux for 1.5 hours, followed by removal 
of acetic acid produced and the excess of the acetic an 
hydride by evaporation under reduced pressure. To the 
residue is added 250 parts by volume of a mixture of ethyl 
ether an n-hexane (1:10 by volume). The mixture is left 
standing and the precipitated crystals are collected and 
recrystallized from a mixture of 20 parts by volume of 
ethyl ether and 100 parts by volume of n-hexane, where 
by m-chloro-p-isobutylphenylsuccinic anhydride is given 
as crystals melting at 61 to 62° C. Yield: 13.5 parts. 

Elementary analysis.—Calculated (percent): C, 63.03; 
H, 5.67; Cl, 13.29. Found (percent): C, 63.21; H, 5.70; 
Cl, 13.25. 
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To 125 parts by volume of methylene chloride is added 
13.8 parts of pulverized aluminum chloride, followed by 
cooling with ice-water. To the mixture is added dropwise 
with stirring a solution of 12.5 parts of m-chloro-p-iso 
butylphenylsuccinic anhydride in 150 parts by volume of 
methylene chloride, followed by stirring under cooling 
with ice-Water for 3 hours and then at room temperature 
for 2 hours. Ice-water and concentrated hydrochloric acid 
are added to the resultant to decompose aluminum chlo 
ride. Chloroform is added to the resultant and the mixture 
is shaken. The separated organic layer is washed with wa 
ter, dried and subjected to evaporation under reduced 
pressure to remove the solvent. The resulting powder is 
recrystallized from 200 parts by volume of a mixture of 
benzene and cyclohexane (1:1 by volume), whereby 3 
oxo-6-chloro-S-isobutylindan-l-carboxylic acid is given as 
crystals melting at 148.5 to 149.5 ° C. Yield: 5.94 parts. 

Elementary analysis.—Calculated (percent): C, 63.03; 
H, 5.67; Cl, 13.29. Found (percent): C, 63.13; H, 5.65; 
Cl, 13.28. 

Reduction step 

A mixture of 3.87 parts of 3-oxo-6-chloro-5-isobutyl 
indan-l-carboxylic acid, 32.3 parts by volume of toluene, 
1.3 parts by volume of acetic acid, 19.4 parts by volume 
of concentrated hydrochloric acid, 12.9 parts by volume 
of water and zinc amalgam prepared from 12.9 parts of 
zinc powder and 1.29 parts of mercuric chloride is heated 
under re?ux with vigorous stirring for 1 hour. After cool 
ing, the resultant is extracted with ethyl acetate. The ethyl 
acetate layer is washed with water, dried and subjected to 
evaporation under reduced pressure to remove the solvent. 
The resulting powder is recrystallized from petroleum 

ether, whereby 6-chloro-5-isobutylindan-l-carboxylic acid 
is given as crystals melting at 116 to 117° C. Yield: 1.90 
parts. 

Elementary analysis.—Calculated (percent): C, 66.52; 
H, 6.78; Cl, 14.03. Found (percent): C, 66.46; H, 6.79; 
Cl, 14.19. . 

EXAMPLE 6 

Cyclization step 

To a mixture of 1.84 parts of ?nely pulverized anhy 
drous aluminum chloride and 15 parts by volume of meth 
ylenechloride is added dropwise with stirring under ice 
cooling a solution of 1.70 parts of 2-methy1-2-(p-cyclo 
hexylphenyl)succinic anhydride in 10 parts by volume of 
methylenechloride. The whole mixture is stirred under 
ice-cooling for 2 hours and then at room temperature for 
2 hours, followed by being left standing overnight. To 
the resultant are added under ice-cooling ?akes of ice, 
concentrated hydrochloric acid and chloroform, followed 
by shaking well. The separated lower layer is dried and 
subjected to evaporation to remove the solvent. To the 
residue is added n-hexane and the mixture is allowed to 
stand, whereby 1 - methyl-3-oxo-5-cyclohexylindan-l-car 
boxylic acid is given as colorless crystals melting at 119 to 
127° C. . 

Elementary analysis as C1qH2oO3.-—Calculated (per 
cent): C, 74.97; H, 7.40. Found (percent): C, 75.23; H, 
7.43. 

Reduction step 

A mixture of zinc amalgam which is prepared from 
6 parts of zinc powder, 0.6 part of mercuric chloride and 
hydrochloric acid, 2.7 parts of 1-methyl-3-oxo-5-cyclo 
hexylindan-l-carboxylic acid prepared above, 40 parts by 
volume of 20% hydrochloric acid and 10 parts by volume 
of toluene is heated under re?ux with vigorous stirring for 
8 hours. After cooling, water and ethyl acetate are added 
to the resultant, followed by shaking well. The separated 
organic layer is washed with water, dried and subjected to 
evaporation under reduced pressure to remove the solvent. 
The residue is washed with petroleum ether and recrystal 
lized from n-hexane, whereby 1-methyl-5-cyclohexylindan 
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l-carboxylic acid is yielded as colorless crystals melting at 
165 to 166° C. 

Elementary analysis as C17H22O2.—Calcu1ated (per 
cent): C, 79.03; H, 8.58. Found (percent): C, 79.11; H, 
8.48. 

Halogenation step 
To a mixture of 1.3 parts of l-methyl-5-cyclohexylin 

dan-l-carboxylic acid prepared above, 0.8 part of ferric 
chloride and 40 parts by volume of methylene chloride 
is added dropwise with stirring under ice-cooling a solu 
tion of 0.39 part of chlorine in methylene chloride. The 
whole mixture is stirred under ice-cooling for 1 hour, fol 
lowed by the addition of diluted hydrochloric acid and 
shaking well. The separated lower layer is dried and sub 
jected to evaporation to remove the solvent. The residue 
is washed with petroleum ether and recrystallized from 
n-hexane, whereby 1-methyl-S-cyclohexyl-6-=chloroindan-l 
carboxylic acid is given as colorless crystals melting at 186 
to 187° C. 

Elementary analysis as C17H21OCl.—Calculated (per 
cent): C, 69.73; H, 7.30; Cl, 12.11. Found (percent): 
C, 69.71; H, 7.14; CI, 12.35. 

EXAMPLE 7 

Cyclization step 
A mixture of 16 parts of p-cyclohexyl-m-chlorophenyl 

succinic acid and 80 parts by volume of acetic anhydride 
is re?uxed for 1 hour, followed by evaporation of the 
solvent under reduced pressure. Addition of n-hexane and 
a small amount of ethyl ether to the resultant yields 
13.6 parts of crude crystals of p-cyclohexyl-m-chloro 
phenylsuccinic anhydride. Recrystallization from ligroin 
yields crystals melting at 121—124° C. 

Elementary analysis.—Calculated (percent): C, 65.64; 
H, 5.85; Cl, 12.11. Found (percent): C, 65.92; H, 5.85; 
CI, 12.04. 
A solution of 9.1 parts of the crude crystals of p-cyclo 

hexyl-m-chlorophenylsuccinic anhydride prepared above 
in 50 parts by volume of methylene chloride is added 
dropwise to a mixture prepared by mixing 9.2 parts of 
aluminium chloride and 70 parts by volume of methylene 
chloride under ice-cooling. The whole mixture is stirred 
for 1 hour under ice-cooling and then for about 5-hours 
at room temperature. After being left standing overnight, 
the resultant is poured into ice-water, followed by addi 
tion of hydrochloric acid and chloroform and shaking 
well. The organic layer is taken, dried over anhydrous 
sodium sulfate, decolorized with charcoal and subjected 
to evaporation of the solvent under reduced pressure. 
Addition of 60 parts by volume each of n-hexane and 
ethyl ether to the residue yields 6.6 parts of powdery 
mixture of 3-oxo-5-cyclohexyl-6-chloroindan - l-carbox 
ylic acid and 3-oxo-5-cyclohexyl-4-chloroindan-l-carbox 
ylic acid. Recrystallization from 70 parts by volume of 
benzene yields speci?cally 3-oxo-5-cyclohexyl-6-chloro 
indan-l-carboxylic acid as colorless crystals melting at 
181—190° C. Yield: 3.2 parts. 
Elementary analysis.—Calculated (percent): C, 65.64; 

H, 5.85; C1, 12.11. Found (percent): C, 65.64; H, 5.75; 
Cl, 12.13. 

Reduction step 

In a similar manner to that in Example 1, Clemensen 
reduction is applied on 2.5 parts of 3-oxo-5-cyclohexyl 
6-chloroindan-l-carboxylic acid prepared above to yield 
1.3 parts of 5-cyclohexyl-6-chloroindan-l-carboxylic acid 
as colorless crystals melting at 149-151° C. 

Elementary analysis.—Calculated (percent): C, 68.94; 
H, 6.87; Cl, 12.72. Found (percent): C, 69.00; H, 6.84; 
Cl, 12.91. 

EXAMPLE 8 

Alkylation 
In 10 parts by volume of dimethylsulfoxide are dis 

solved 1.83 parts of methyl 5-cyclohexylindan-l-carbox 
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ylate and 1.52 parts of methyl iodide. To the solution is 
added gradually with stirring ‘0.170 part of sodium hy 
dried at room temperature under nitrogen atmosphere. 
The mixture is further stirred for 1 hour and the resultant 
is poured into ice~water, followed by extraction with ethyl 
ether. The ether layer is washed with water, dried over 
sodium sulfate and subjected to evaporation under re 
duced pressure to remove ethyl ether, whereby 1.95 parts 
of methyl S-cyclohexyl-l-methylindan-l-carboxylate is 
yielded. 
A mixture of 1.95 parts of methyl 5-cyclohexyl-1 

methylindan-l-carboxylate, 2.0 parts of potassium hy 
droxide, 20 parts by volume of ethanol and 5 parts by 
volume of water is heated under re?ux for 5 hours. 
After cooling, the resultant is poured into ice-water and 
Washed with ether. The aqueous layer is neutralized with 
diluted hydrochloric acid, whereby crystals are separated 
out. The crystals are washed well with water to give 1.48 
parts of S-cyclohexyl-l-methylindan-l-carboxylic acid. Re 
crystallization from n-hexane yields crystals melting at 
165 to 166° C. 
Elementary analysis as C1qH22O2.—~Calcu1ated (per 

cent): C, 79.03; H, 8.58. Found (percent): C, 78.97; 
H, 8.50. 
This compound is subjected to the same halogenation 

process as in Example 6 to give 6-chloro-5-cyclohexyl-1 
methylindan-l-carboxylic acid. 

EXAMPLE 9 

Alkylation 

To a solution of 1.59 parts of methyl 6-chloro-5-cyclo 
hexylindan-l-carboxylate in 10 parts by volume of di 
methyl sulfoxide is added gradually with stirring at room 
temperature 0.160 part of sodium hydride under nitrogen 
atmosphere, followed by further addition of 1.0 part of 
methyl iodide. The mixture is stirred for further 1 hour 
and the resultant is poured into ice-water, followed by ex 
traction with ethyl ether. The ether layer is washed with 
water, dried over sodium sulfate and subjected to evap 
oration under reduced pressure to remove the solvent, 
whereby 1.6 parts of methyl 6-chloro-5-cyclohexyl-1~meth 
ylindan-l-carboxylate is given. 
A mixture of 1.6 parts of methyl 6-chloro-5-cyclohexyl 

l-methylindan-l—carboxylate, 0.5 part of sodium hydrox 
ide, 10 parts by volume of ethanol and 10 parts by vol 
ume of water is heated under re?ux for 3 hours. After 
cooling, the resultant is poured into ice-water, followed 
by washing with ethyl ether. The aqueous layer is neu 
tralized with diluted hydrochloric acid, whereby crystals 
are separated out. The crystals are washed well with wa 
ter and dried to give 1.40 parts of 6-chloro-5-cyclohexyl 
l-rnethylindan-l-carboxylic acid. Recrystallization from a 
mixture of benzene and n-hexane yields crystals melting 
at 186 to 187° C. 

Elementary analysis as C1qH21OCl.—-Calculated (per 
cent): C, 69.73; H, 7.30; CI, 12.11. Found (percent): C, 
69.69; H, 7.16; Cl, 12.76. 

EXAMPLE 10 

Esteri?cation of —COOH group 

To a solution of 6.5 parts of 6-chloro-5-cyclohexyl 
indan-l-carboxylic acid in 30 parts by volume of ethyl 
acetate is added dropwise ethyl ether solution of diazo 
methane until foaming has ceased. The resultant is dried 
over sodium sulfate and subjected to evaporation under 
reduced pressure to remove the solvent, whereby methyl 
ester of 6-chloro-5-cyclohexylindan-l-carboxylic acid is 
quantitatively given as an oily substance boiling at 170 
to 171° C./1.0 mm. Hg. 

Elementary analysis-Calculated (percent): C, 69.73; 
H, 7.23; CI, 12.11. Found (percent): C, 69.79; H, 6.99; 
C1, 12.61. 
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EXAMPLE 11 

Amidation of —COCH3 group 

Into a solution of 1.1 parts of 6-chloro-5-cyclohexyl 
indan-l-carboxylic acid methyl ester in 50 parts by vol 
ume of methanol is introduced an excess amount of am 
monia gas. The mixture is heated in a sealed tube at a 
temperature between 90 and 95° C. for 3 hours, followed 
by evaporation of the solvent, whereby 6-chloro-5-cyclo 
hexylindan-l-carboxyamide is given. Recrystallization 
from methanol yields 0.8 part of the crystal melting at 
184 to 185° C. 
Elementary analysis.—Calculated (percent): C, 69.18; 

H, 7.26; N, 5.04; Cl, 12.76. Found (percent): C, 68.95; 
H, 7.19; N, 5.19; Cl, 12.54. 

EXAMPLE 12 

Preparation of sodium salt 

To a solution of 1.394 parts of 6-chloro-5-cyclohexyl 
indan-l-carboxylic acid in 30 parts by volume of dry 
ethanol is added dropwise an alcoholate solution prepared 
from 0.115 part of metallic sodium and ethanol. The mix 
ture is shaken well and allowed to stand for a while, fol 
lowed by evaporation of the ethanol under reduced pres 
sure. To the residue is added 50 parts by volume of ace 
tone and the mixture is allowed to stand overnight, where 
by crystals are separated out. Washing the crystals with 
acetone yields 1.60 parts of crude crystals of sodium salt 
of 6-chloro-S-cyclohexylindan-l-carboxylic acid. Recrys 
tallization from hydrous acetone yields crystals soften 
ing at 83 to 95° C., while not melting completely at a 
higher temperature than that. 

Elementary analysis as C16H18O2ClNa-'1/2H2O.——Cal 
culated (percent): C, 62.04; H, 6.18; CI, 11.44; N, 7.42. 
Found (percent): C, 62.40; H, 6.45; CI, 11.40; N, 7.22. 

EXAMPLE 13 

Resolution of a racemic mixture 

(1) Into 90 parts by volume of acetone are dissolved 
8.4 parts of 6-chloro-S-cyclohexylindan-l-carboxylic acid 
and 4.8 parts of quinine, followed by cooling, whereby 
crystals are separated. The whole resultant is subjected 
to ?ltration to separate the crystals from the mother liq 
uor. The recovered crystals are recrystallized from aceto 
nitrile, dissolved into chloroform and treated with di 
luted hydrochloric acid to remove quinine. The solution 
is washed with water, dried over sodium sulfate and sub 
jected to evaporation under reduced pressure to remove 
the solvent. Recrystallization of the residue from 25 parts 
by volume of n-hexane yields 1.54 part of crystals of (—) 
6-chloro-S-cyclohexylindan - 1 - carboxylic acid. Melting 

point: 130 to 135° C. [u]D25=—28.3° (C.=1, methanol). 
Elementary analysis.—Calculated (percent): C, 68.94; 

H, 6.87; CI, 12.72. Found (percent): C, 68.73; H, 6.89; 
Cl, 12.84. 
The mother liquor obtained above is subjected to 

evaporation of the solvent under reduced pressure. The 
residue is dissolved in chloroform. The solution is washed 
with diluted hydrochloric acid and then with water, dried 
over sodium sulfate and subjected to evaporation of the 
solvent under reduced pressure. Recrystallization of the 
residue from n-hexane yields ?rstly 3.68 parts of crystals 
of racemic form of 6-chloro—5-cyclohexylindan-l-car 
boxylic acid. The crystals are recovered by ?ltration and 
the ?ltrate is subjected to evaporation to remove the 
solvent and the residue is recrystallized from n-hexane to 
precipitate 0.52 part of a racemic mixture. The mixture 
is recovered by ?ltration. The ?ltrate is subjected to 
evaporation and the residue is recrystallized from n 
hexane, whereby 1.28 parts of crystals of (+)-6-chloro 
5-cyclohexylindan-l-carboxylic acid is given. Melting 
point: 130 to 135° C. 
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Elementary analysis-Calculated (percent): C, 68.94; 
H, 6.87; Cl, 12.72. Found (percent): C, 68.87; H, 6.97; 
Cl, 12.93. 

(2) Into 60 parts by volume of acetone are dissolved 
2.79 parts of 6-chloro-5-cyclohexylindan-l-carboxylic acid 
and 3.24 parts of quinine, followed by cooling. Re 
peating fractional recrystallization of the separated 
crystals from acetonitrile yields separately two kinds of 
crystals, one-melting at 124 to 129° C. and the other 
melting at 175 to 179° C. Treatment of the former 
crystals with hydrochloric acid yield (-)-6-chloro-5-cy 
clohexylindan-l-carboxylic acid, while the treatment of 
the latter one with hydrochloric acid yields (+)-6-chlo 
ro-S-cyclohexylindan-l-carboxylic acid. Thus obtained 
compounds are in well agreement with the compound 
obtained in (1) in the infrared, ultraviolet and nuclear 
magnetic resonance spectra, speci?c rotation, speci?c ro 
tating and distributing curve and elementary analysis. 
What we claim is: 
1. A compound of the formula 

CH1 
/ \on, 

X 
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wherein R1 is alkyl having up to 6 carbons or cycloalkyl 
having from 3 to 6 carbon atoms, R2 is amino, R3 is 
hydrogen or alkyl having up to 4 carbon atoms, X is 
halogen. 

2. 6-chloro-5-cyclohexyl-l-methylindan - l-carboxylic 
acid. 

3. A compound according to claim 1, namely, 6-chlo 
ro-5-cyclohexylindan-l-carboxyamide. 
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